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Abstract 
The complicated flow conditions inner or outer of the high speed vehicle would make the shock wave boundary 
layer (SWBLI) much different from its standard state on an adiabatic wall. The heating and cooling effects on the 
SWBLI achieved by changing the wall temperature, are evaluated by the numerical simulations. It is found that the 
wall temperatures have significant influence on the flow patterns of SWBLI. The scale of shock induced boundary 
layer separation increases obviously with the rise of the wall temperature, and the separation would shrink 
dramatically with the decrease of the wall temperature. This could be partially explained by the variation of the 
momentum thickness and displacement thickness of the incoming turbulent boundary layer under different wall 
temperature. 
© 2015 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of The Chinese Society of Theoretical and Applied Mechanics (CSTAM). 
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1. Introduction 
 SWBLI firstly introduced by Ferri [1],when he took experiments in supersonic wind tunnel observed SWBLI 
induced boundary layer separation. Then a lot of experiments and simulations performed in this field and found out 
SWBLI is a complicated problem with both positive effects and negative effects [2-6].The common structure of 
SWBLI was an incident shock wave with flat plate and the compression ramp [2]. Lewis [3] took experiments at 
high Mach number condition utilized ramp configuration to product laminar interaction observed that wall 
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temperature had serious influence on the interaction region compared to adiabatic wall temperature condition. 
Korkegi. R.H [4] in his experiment found the peak heat flux occurred in interaction region.Spaid and Frishett [5] 
found the same tendency in shock wave turbulent boundary layer interaction. Dolling and Murphy [6]observed 
unsteady property of separation region especially heat flux fluctuation. M.Hayashi [7] researched the surface heat 
flux unsteady characteristic of incident shock wave and turbulent boundary layer interaction. Thivet [8] investigated 
crossing-shock interactions to found out the reason for over-looking heat transfer when utilized two-equation models, 
and implied that two-equation models predicted too large an increase in turbulent kinetic energy of the outer part of 
the boundary layer [9,10]. Y.Lee and G.S.Settles [11] in 1992 numerical simulated inclined SWBLI aimed at heat 
transfer in interaction flow-field. A recent review of heat flux in separation region of this flows could be found in 
Dolling [12]. Gabi Ben-Dor, Ozerlgra [13]in his book mentioned that the wall temperature level would have subtle 
influence on incoming boundary layer. Recently, V.Jaunet [14] in 2014 experimentally investigated the wall-
temperature effects on the behaviour of a shock-induced separation at Mach number 2.3.Though experiments and 
numerical simulations had been progressed dramatically in SWBLI but there are still important problems like peak 
heating and unsteady pressure loads in interaction region remain to be done. 
2. Simulation set-up 
2.1. Case set-up 
The current paper is studying the effect of heating/cooling (realized by changing the wall temperature) under the 
condition of SWBLI in 2D. The incoming flow is supersonic flow, which Mach number is 2.7, the stagnation 
pressure is set to be 5
0 1 10P Pa u , the total temperature is 0 300T K . According to the purpose of this study, the 
wall temperature divides into three groups: heating group (high wall temperature), cooling group (cooled wall 
temperature) and standard group (supposed room temperature is 300K), the accurate data of temperature set-up see 
Table1. 
Table1. Different wall temperature parameter 
Heating group Cooling group Standard group 
400K 
260K 
300K 200K 
140K 
2.2. Domain and grid distribution 
To provide high quality grid for the computational domain, the domain is divided into two parts (part one and 
part two). Part one domain is nominal boundary layer domain, creates turbulent boundary layer and provides 
velocity profile for part two, see Fig.1 (a). Part two is used to numerical simulate SWBLI, nominal interaction 
domain, See Fig.1 (b). 
  
Fig.1.The sketch of computational domain (a) Part one boundary layer domain (b) Part two interaction domain 
Figuer 2 shows the sketch of medium grid for computational domain. Further, to ensure a value of y  smaller 
than 1 for the flow-field and eliminate leading edge shock, the grid spacing at stream-wise and normal-wise are set 
to be 0.001mm at the beginning.  
  
Fig.2. The sketch of medium grid for the computational domain. (a) grid for boundary layer domain; (b) grid for interaction domain. 
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2.3. Governing equation and numerical method 
The basic fluid governing equations used to describe fluid system list as below: 
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To get the reasonable numerical solution, the governing equations are solved by density based implicit 
formulation slover of software FLUENT. SST k Z  turbulence model is employed. If all of the residuals arrive the 
minimum values, and the discrepancy between the pressure-inlet and pressure-outlet mass flux is almost equaled 
blow 0.005kg/s , the solutions could be thought as converged. 
The current study adopts three different grid scales toper form the grid independence analysis in this physical 
model, the coarse grid (207408 cells), the medium grid (294408 cells) and the refined grid (416208 cells), 
respectively. Fig3 shows definitely the research results independence with grid, the discrepancy between the bottom 
wall static pressure distribution and bottom skin friction coefficient distribution induced by the coarse grid, medium 
grid and refined grid is extremely small, and the medium grid is sufficient enough. Therefore this paper takes 
medium grid in the future numerical simulation. 
 
  
Fig.3.Grid independence analysis in 300k wall temperature 9eshock generator. (a) Comparison of bottom wall pressure distribution  
(b) Comparison of bottom wall skin friction coefficient distribution 
3. Results and discussion 
3.1. Boundary layer with different wall temperature 
Wall temperature impacts on the viscosity coefficient and the Reynolds number in supersonic flows. The 
viscosity coefficient P is alterable parameter, and the influence factor is wall temperature. The Reynolds number 
has a powerful influence over the properties of a boundary layer, and it governs the nature of viscous flows in 
general. 
  
Fig.4.(a)The viscosity coefficient and Reynolds number with different wall temperature(b)Boundary layer momentum thickness and 
displacement thickness 
a b 
b 
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Figure 4(a) shows the tendency of viscosity coefficient and Reynolds number with different wall temperature. It’s 
clearly stated that the Reynolds number decreases when wall temperature increases, while the viscosity coefficient 
works opposite way. Figure 4(b) shows the variations of boundary layer momentum thicknessT  and displacement 
thicknessG  with different wall temperature. The tendency of momentum thickness is dropped down slightly when 
wall temperature rises. While displacement thickness would rise up obvious when wall temperature increases. 
3.2. SWBLI with different wall temperature 
Figure 5(a) shows pressure contour with streamline in SWBLI under the condition of 300K wall temperature. 
There are two high pressure regions in flow-field. The first one (letter A in Fig.5 (a)) is caused by incident shock 
wave interact with reflected shock wave, and the second (letter B in Fig.5(a)) is located after boundary layer 
reattachment position.  
  
Fig.5.(a) Pressure contour with streamline in 300k wall temperature (b)Shock wave in flow-field 
Despite such similar properties in pressure contours, it is clearly indicated that wall temperature has a direct 
influence on SWBLI. Further, the scale and position of high pressure region in these flows are definitely different. 
Figure 5(b) shows shock wave in SWBLI flow-field. The reflected shock wave divide into two parts by incident 
shock wave, one (letter A in Fig.5(b)) is before interact with incident shock wave and the other (letter B in Fig.5(b)) 
is after, for that shock-shock interacts would cause the change of shock wave characteristics. 
This data indicates that both the angle of reflected shock before and after shock-shock interaction decrease 
slightly when the wall temperature increases. The discrepancy about before shock-shock interaction is more obvious 
than after shock-shock interaction. There is a remarkable step between 260K and 300K in tanD  see Fig6(a). 
  
Fig.6(a) The angle of reflected shock wave in 140K wall temperature (b)The altitude of separation region 
Figure 6(b) shows separation region altitude of different wall temperature. It is definitely implied that SWBLI 
causes boundary separation and creates separation bubble. The tendency of separation region altitude is increased 
sharp when the wall temperature increases. There is a remarkable step between 260K and 300K in the altitude of 
separation region, too. 
 
  
Fig.7(a)Comparison of bottom wall pressure distribution for different wall temperature in 9eshock generator.(b)Comparison of bottom wall 
skin-friction-coefficient for different temperature in 9e shock generator 
 
All the wall pressure distribution show same tendency along the x axis. It is definitely indicated that following the 
decrease of wall temperature, the increased started position for pressure moving forward and the pressure peak value 
a b 
a b 
a 
b 
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falls down slowly. And this sketch shows that all bottom pressure distribution curvature intersect at same position 
which near the reattachment position as see Fig. 7(a). Figure 7(b) shows the bottom wall skin friction coefficient for 
different temperature. From this sketch it is clearly indicated that the separation position moving forward and the 
scale of separation region length increases while the reattachment position moving backward slightly. The notable 
phenomenon is that following the wall temperature increases, the value of skin friction coefficient, under the 
condition of boundary layer without SWBLI, decreases slightly. 
4. Conclusion 
x For the incoming boundary layer, the wall temperature influences the state of boundary layer obviouslyin the 
terms of wall viscosity coefficient, Reynolds number, momentum thickness and displacement thickness. The 
viscosity coefficient falls down when the wall temperature falls down, while the Reynolds number is opposite. As 
the wall temperature falls down, the boundary momentum thickness rises slightly while the displacement 
thickness falls down. 
x For SWBLI with different wall temperature, the effect of heating/cooling is significant. As the wall temperature 
increase, the separation position moves forward while the reattachment position almost keeps the same position, 
and the scale and altitude of the separation region increase dramatically. The value of inlet skin friction 
coefficient decreases subtle with an increasing wall temperature. There are remarkable step between 260K and 
300K in tanD of reflected shock wave and the altitude of separation region. 
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